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MAGN3T0TELLURIG  SOUNDING  IN  G-.ORGIA 
-USSR- 

/following  is  the  translation  of  an  article 
by  G.  A.  Cherny avskiy  and  G.  Ye*  Qugunava 
in  the  Russian- language  periodical  Igveatiya 
Alcademii  NaukSSSR  --  ScrJLya  Geofialcheakaya 
(News  or  the  Academy  of  sciences  U5& --  Oso- 
phyaical  Series).  No.  1,  Moscow,  January 
1963,  pages  147-151.  The  article,  signed  All- 
union  Scientific  Research  Institute  of  Geo¬ 
physics,  Academy  of  Sciences,  Georgian  SSR, 
Institute  of  Geophysics,  was  submitted  to 
the  editors  26  June  196£/ 


Abstract:  On  the  basis  of  the  results  on  mag- 
netotelluric  sounding  work  it  is  shown  that 
the  introduction  of  magnetotellurio  colora¬ 
tion  is  very  promising  in  Georgia  when  com¬ 
bined  with  other  geological  and  geophysical 
methods. 


Magnetotellurio  methods  of  exploration  have  come 
into  extensive  use  in  geophysical  praotice  in  recent 
years.  One  of  the  most  promising  methods  is  magneto- 
telluric  sounding.  This  method  makes  It  possible  to 
study  the  relief  of  the  basement  In  regions  with  a 
thick  (7-10  km)  conducting  layer  of  low  resistivity. 

In  such  regions  the  mean-period  variations  of  the  mag¬ 
netotellurio  field  occur  at  the  low  point  of  the  sound-  * 
ing  curve,  thereby  creating  favorable  conditions  for 
the  use  of  MTS  (MTZ  —  magnitotellurichesUoye  sondiro- 
v ani ye  —  magnetotellurio  aounding). 

Ujp  to  1960  magnetotellurio  sounding  wet  carried 
out  by  e  number  of  investigators  at  individual  points 

At  V. 

Tha  first  exploration  work  using  the  magnetotellur- 
ic  sounding  method  was  carried  out  by  the  VNIXGeofislka 
(Vsesoyusnyy  nauchno-isslsdovetsl'skiy  institut  Geofis- j 
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ik*  —  All-Union.  Scientific  Research  Institute  of  Geo¬ 
physics)  in  1960-1961  in  Central  Tprkmenia  along  a  con¬ 
tinuous  profile  400  km  in  length  /See  not and  in  the 
Vilyuyskaya  tectonic  depression  (Yakutian  AS  SR)  /See  notgi7. 

(/•tote:  G,  N«  Anisnchenko,  V<|  V,  Golubkov,  K.  I.  Wik- 
itenko  and  0.  A,  Cherny&vakiy,  Otchet  po  teme  212,  gl* 

XXI  (Reoort  on  Subject  212*  Chapter'  iCuj' ,  Piibli shing  !&>uae 
oF~ the  jTiTIIGeof  izilci,  196^/.) 

(/Note :  I,  A.  Yakovlev,  Otchet  o  rabotakh  opytno- 
ne  todicheekoy  elektrorezvcdoc.Khoy^pa'rti'i  '(Report  on  'the 
voric  of  tlm' sS^Viraentar-ffystemwIc  Electric*  Exploration 
Party),  Publishing  House  of  the  VNIIGeofizika,  196270 

In  the  fall  of  1961  the  VHIXGeofizika,  in  collabora¬ 
tion  with  the  Institute,  of  Geophysics  of  the  Academy  of 
Sciences  of  the  Georgian  33k.  carried  out  magneto  tellur¬ 
ic  sounding  in  ‘u'i  rn  Georgia*  This  article  describes 

that  tjork. 

1*  das tern  Georgia  ia  a  complex  geological  region, 
Whose  deep  structure  has  still  been  inadequately  studied 
despite  the  fact  that  the  entire  area  is  covered  by  re¬ 
gional  gravimetric  end  magnetic  surveys* 

Seismic  research  (GSZ  --  glubokoye  seisnicheskoye 
2ondirovaniye  --  deep  seismic  sounding)  was  carried  out 
along  separate  routes  in  zones  where  the  crystalline  base¬ 
ment  is  at  a  relatively  shallow  depth  (up  to  4  km)  /lfc7. 

A  telluric  survey  was  carried  out  during  the  years 
1955-1960  under  the  direction  of  A.  V.  3ukhrukashvili 
and  V.  V.  Kebuladze;  long-period  variations  were  record¬ 
ed.  The  results  of  the  purvey  were  uaed  to  compile  a 
map  of  the  telluric  parameter  j>.  A  number  of  papers 
have  been  devoted  to  the  geological  interpretation  of 
the  results  of  these  telluric  investigations  /5,  §7* 

Magna to telluric  sounding  was  carried  out  at  three 
points  (Shindiai,  Dushati  and  Kakabeti)  along  a  profile 
intersecting  the  area  of  the  telluric  survey  from  weat 
to  east  (from  the  isolines  of  the  telluric  parameter 
H  a  5-6  to  p-=  0.5). 

The  depth  of  the  crystalline  basement,  consisting 
of  pre-Paleozoic  and  Lower  Paleozoic  rocks,  was  phown 
by  geological  and  geophysicc)  data  to  vary  from  3,770 
m  at  Shindiai  to  8,000  m  at  Xakabeti.  The  thickness  of 
the  sedimentary  layer  at  Duaheti  was  assumed  to  be  6  to 
7  km* 

Logging  data  indicate  that  the  geoelectric  profile 
;  of  eastern  Georgia  can  be  classified  as  the  KA  (four- 
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layer).  The  first  two  layers  consist  of  Quaternary  and 
Tertiary  deposits  with  a  relatively  high  conductivity 
which  increases  fron  vest  to  east  as  the  basement  drops 
downward  •  The  mean  linear  resistivity  of  this  coran  lex 
varies  from  10-15  ohms/m  to  2  ohms/mater.  The  thiiu  layer 
belongs  to  the  Carboniferous  suite  of  the  Cretaceous  and 
the  clay-ahales  of  the  Jurassic  with  a  resistivity  of  the 
order  of  50  ohns/ra.  This  layer,  electrically  merging  with 
the  high- resistivity  rv.al;s  of  the  basement,  i3  the  elec¬ 
tric  x*eference  horizon* 

2*  Magneto telluric  sounding  was  carried  out  using  the 
prototype  of  a  portable  station  constructed  at  the  VL7II- 
Geofizilca.  The  station  had  the  following  components:  os¬ 
cillograph,  two  highly  sensitive  Brunelli  n-raagne  tome  ter  s , 
a  commutator  panel  and  a  power  control  unit* 

The  recording  of  EU:,  K.,  R_  and  Hy.  variations  at 
each  station  lasted  40  to  50  hours.  Variations  t/ith  the 


period  T>  100  seconds  were  registered  at  a  paper  speed  of 
20  to  25  mm/min. 

'die  work  was  carried  out  in  October  and  itovember  at 
a  time  of  relatively  low  telluric  activity.  Type  Pc  ahort- 
period  pulsations  ,f  a  quasi -sinusoidal  shape  were  ob¬ 
served  relatively  rarely.  The  recordings  moot  commonly 
carried  trains  of  pulsations  UV)  of  an  irregular  shape 
whose  peak  intensity  was  observed  in  the  evening  and  night 
hours.  Variations  with  periods  of  70  to  150  seconds  pre¬ 
dominated  in  the  frequency  spectrum* 

The  mean  amplitude  of  short-period  pulsations  at  Ju~ 
she ti  and  Kakabeti  varied  from  0*2  to  0*5  mv/lcm  (tellur¬ 
ic  field)  and  fron  0*3  to  1,5  Y  (magnetic  field).  The  ap¬ 
parent  period  of  variations  varied  from  15  to  500  seconds. 
The  mean  amplitude  of  telluric  short-period  pulsations  at 
Shindisi  was  1  to  7  rav/ta. 

-.Che  polarization  of  the  field  was  different  for  per¬ 
iods  of  T  *  20-60  sec  and  T>100  sec.  The  tx'avel-time 
curves  for  the  telluric  field,  drawn  for  variations  ^/ith 
T>  100  sec,  were  elongated  in  a  3ublatitudinal  direction. 
The  axes  of  the  travel -time  curves,  drawn  for  mean-per¬ 
iod  variations,  tend  to  have  a  meridional  direction.  The 


pulses  of  mutually-parpcndicular  components  of  the  mag¬ 
neto  telluric  field  usually  had  similar  configurations. 

3.  The  processing  of  oscillograms  involved  the  de¬ 
termination  of  the  apparent  periods  and  amplitudes  of 
the  cuasi-sinusoidal  pulses  of  the  mutual ly-perpcndicul- 


i  ar  components  of  the  electromagnetic  field.  The  magneto-  | 
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telluric  somda.1^  curves  were  drawn  by  the  apparent  in- 
nednnee  act  hod  end  the  moan  iiapc  dance  method" /3ee  note/. 

C/lTot e7:  T.  IT.  havadebaya,  Qtchot  r>o  te.ne  212 ,  si. 
dill  (Aeoort  on  Subject  212,  Chapter  Publisli'ing 

TSuse  of  the  TITIIOaofizilca,  19G2. ) 

fha  values  /T  a re  laid  off  at  s  Logarithnic  scale  along 
the  ;>c::ie;  the  folio  t/ing  values  are  laid  off  on  the  y- 
a::ia  at  the  Sana  scale:  » 

p  -0,2  f  !W 

4-o^r|ZT 

where  f  is  the  period  of  variations  in  seconds*  4^ 

are  the  .apparent  irepedanc.es  in  mv/lnny,  2  «=•  v2.-,*2tX  is 

'■y  yx 

the  moan  inpcc.an.ca. 

It  was’ eccnblished  that  the.  value  of  the  apparent  in- 
midancac  are  dependent  on  field  pel  aria  ntiou.  2>y  and  Zyg 
warn  therefore  dotsrrdnccT  by  talcing  groups  of  pulses  with 
approximately  identical  field  polarisation  C  !  £x[  !E«i'  for 

determination  of  2;r,  and  jExj  <3?  tyi  for  net  .urd, nation  of 
r^y:z)  • 

big .  1  chows  the  derived  magneto  he  lltrric  sounding 
curves,  tach  ooint  on  the  curves  o«  ,  c™  is  the  re- 

suit  of  averaging  5  to  7  nensiircnetits.  On  the  P*t  curves 
each  point  is" the  result  of  a  single  measurement# 

' Anva  s  with  a  clear  ndninuoi  were  obtained  at  ICslca- 
befi  (for  the  latitudinal  component  of  the  telluric 
field),  ilicse  curves  are  characterised  by  a  v/ell-ezrorcss- 
©d  right  asymptotic  branch  with  an  angle  of  inclination 
to  the  js-suds"  of  G3°,  a  narrow  minimuin,  a  steep  left  de¬ 
scending  branch,  tv  comparison  of  the  curves  with  theoret¬ 
ical  curves  chows  that  in  shape  they  arc  close  to  the 
three-layer  type  rt.  with  the  parameters 
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At  ShinOiai  the  •.;..^ne totelluric  sounding  curves  are 
represented  only  by  a  right  branch. 

.hen  the  cuivr-s  are  superposed  Pixy  ?ind  Plyx  do  not 
coincide  with  one  another,  fhc  discrepancies  of  the 
values  of  the  total  longitudinal  conductivity  are:  at 
IChkaboti  --  44vj;  at  Aisheti  --  36v»;  and  at  Shindisi  —  | 
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1  27%.  This  is  evidence  that  the  medium  investigated  is 
notihonog'nooua .  'Ae  value  of  the  total  linear  conductiv¬ 
ity  was  determined  by  using  the  formula 

S  =  356  -|5s 

where  -\JTg  is  the  abecisaa  of  the  point  of  Intersection 
of  the  asymptote  of  the  curve  with  the  line  P*  «  1. 

*Jhen  determining  the  value  of  the  mean  linear  re¬ 
sistivity  the  geo electric  profile  was  considered  two-lay¬ 
ered  (it  was  considered  that  the  conducting  complex 
above  the  reference  horison  is  of  greet  thickness).  The 
value  Pi  w r.e  computed  by  using  tho  formula  Pj_  *  1.32  Pt-^, 

where  P'i’  ^n  is  the  ordinate  of  the  minimum  on  the  ma^Tieto- 
telluric  sounding  curves.  The  thickness  of  the  complex 
above  the  reference  horison  (the  thickness  of  the  Quater¬ 
nary  and  Tertiary  deposits)  wae  determined,  from  the  for¬ 
mula  H  »  Pl*S. 

h.  7ig,  2  shows  the  results  of  sounding  in  compar¬ 
ison  with  the  data  for  a  telluric  curvcy. 

The  values  for  the  total  15  -ar  conductivity 
change  from  west  to  east  from  3c,.  .iho  at  Shindisi  to 
2,900  mho  at  kukabc-.ti  and  the  values  of  the  Mean  linear 
resistivity  from  9  to  2.5  ohms/ra.  It  can.  be  seen  from 
the  graphs  that  the  changes  of  the  total  linear  conduc¬ 
tivity  oiid  the  telluric  parameter  are  due  not  only  to 
changes  in  the  thickness  of  the  co  tplox  above  the  ref¬ 
erence  horiaon,  but  also  to  changes  of  mean  linear  re¬ 
sistivity  Pi* 

A  comparison  of  the  values  of  the  telluric  paramet¬ 
er  iJ-  \d.th  the  values  of  the  total  conductivity  make  it 
possible  to  postulate  that  the  nature  of  the  reference 
horison  is  similar  for  long-period  variations  (T  ■ 
15-60  min  end  for  variations  with  periods  of  100-500 
see,  that  is,  both  classes  of  variations  fall  in  the 
interval  S  /7,  8 /. 

On  the  basis  of  the  resulting  date  an  effort  was 
made  to  make  a  quantitative  interpretation  of  the  re¬ 
sults  of  the  long-period  telluric  survey,  ay  using  the 
graphs  of  p-(:3)  and  ?]_(.$)  part  of  the  map  of  the  tellur¬ 
ic  parameter  r  was  transformed  into  a  map  of  total  con¬ 
ductivity  and  then  into  a  raap  of  depths  to  the  reference 
horiaon.  These  maps  characterise  the  general  ch&ractor- 
isticc  of  change  of  the  parameters  of  the  conducting 
complex  of  Tertiary  deposits  for  the  area  investigated. j 
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•ffijr.  x.  Magneto tel 1  uric  sounding  curves*  aaatern  Geor¬ 
gia  ^  1961.  a  —  Kakabeti,  b  —  Dushati,  c  —  Shindisi . 

Conclusions 

1.  The  gcoelectric  conditions  in  the  territory  of 
Eastern  Georgia  are  favorable  for  •nagne total lur  ic 

rtoundlng^o^^ta  of  the  rngnetotalluric  sounding 
vorl:  agree  well  with  the  remits  of  a  long-period  tel- 

3‘UrXCs!Ulhe7study  of  the  dependence  of  £  on  S ^and  f  on 
Pi  nslces  it  possible  to  make  a  quen  tit  at  ive  1* 

t ion  of  the  Jesuits  of  a  telluric  survey  made  in  past 

years .  — * 
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Pig.  2.  Comparison  of  the  results  of  magno  to  telluric 
sounding  and  the  data  for  a  lon^-period  telluric  sur¬ 
vey  along  the  profile  Shindisi-Dusheti-Kakabeti s 
1  —  curve  for  the  telluric  parameter  }t  ,  2  —  curve  of 
a  =  total  linear  conductivity  based  on  magnetotelluric 
sounding  data,  3  —  curve  of  the  mean  linear  resistiv¬ 
ity  based  on  magneto  telluric  sounding  data,  a  Shin- 
.  disi,  b  --  Duoheti,  c  —  Kakabeti. 

The  conclusions  drawn  above  indicate  that  the  adoption 
of  magneto telluric  exploration  in  the  complex  of  geo¬ 
logical  and  geophysical  investigations  is  highly  prom¬ 
ising  for  the  territory  of  Georgia. 

The  authors  take  this  opportunity  to  express  their  . 
deep  gratitude  to  M.  N.  Berdichevskiy  and  V.  V.  ICebul- 
adza  for  assistance  given  during  the  field  work  and  the 
processing  of  data. 
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RESEARCH  Oil  CLOUD  STRUCTURE  AND  THE  SCIENTIFIC  TASKS  CONNECTED 
WITH  THE  INTERNATIONAL  YEAH  OP  THE  tJUIET  STJN 

‘  •  USSR  - 

[Following  la  the  translation  of  an  article  by  A.  Kh.  Khrgiaa 
in  the  Russian-language  periodical  Izvestiya  Akadenil  Nauk  SS3R 
Seriva  geoflzicheakaya  (Neva  of  the  Aoadeay.  of  Saienosa  USDS  - 
Geophysical  Series ) ,No.  1,  Moscow,  January  1963,  pages  169-176. 
The  artiole  was  submitted  to  the  editors  2  August  1962). 

Modern  knowledge  of  the  aaorophyaica  of  clouds  and  their 
electrio  and  other  properties  is  surveyed.  Future  rsssaroh 
on  and  organization  of  cloud  observations  in  the  USSR  are 
outlined. 


Cloud  research  has  recently  attracted  the  attention  of 
geophysicists  oeoauae  forecasting  clouds  and  precipitation 
is  the  most  difficult  task  in  synoptics  and  the  aviation 
service,  requiring  profound  knowledge  of  physien,  and  because 
the  recent  discovery  of  methods  of  artificially  influencing 
olouds  and  precipitation  has  begun  a  completely  new  era  in 
the  use  of  active  meteorological  techniques.  Together  they 
make  the  subject  of  cloud  physios  important  and  interesting 
to  a  great  many  specialists,  agricultural  technicians, 
aviation  personnel,  eto. 

Clouds  arc  studied  both  by  the  airplane  method  (most 
widely  and  systematically  developed  in  the  USSR  [1-3]  and 
England)  and  by  the  laboratory  method  (more  extensively  used 
than  in  any  other  branch  of  soienoa  relating  to  the  atmo  — 


sphere) «  observation  of  the  processes  of  condensation,  freeeing, 
etc.  in  special  condener tion  or  "cloud"  chamber*.  Thia  many* 
elded  experimental  approaoh  has  oreated  the  foundation  for  a 
theory  of  oloud  formation  and  precipitation.  The  latter  has 
been  successfully  applied  to  the  etudy  of  particle  ooagulation, 
distribution  of  the  prooeesea  of  freexing  of  the  partiolos, 
etc.  [<+]. 

The  years  between  1955  and  1958  were  marked  in  the  U3SB 
by  extensive  research  on  the  mlcrophyeloe  of  droplet  olouds, 
spectra  of  drop  sixes,  particle  composition,  etc.  A  recent 
survey  Cl]  shows  that  the  substantial  amount  of  material  nov 
gathered  in  the  USSR  and,  to  a  lesser  degree,  in  other  oountrlee 
provides  a  rough  but  satisfactory  initial  description  of  the 
microstructure  of  natural  cloude.  The  simple  laws  deduoed 
from  the  material  are  widely  used  for  a  variety  of  praotloal 
oaloulaticns  C5»  8],  e.  g. ,  for  ioing  of  airplanes,  range  of 
visibility,  etc.  This  is  presumably  the  reason  that  problams 
in  oloud  mlcrophysics  nov  rest  on  experimental  material,  vhioh 
is  sufficient  at  least  for  immediate  theoretical  formulations 
and  praotloal  needs. 

The  core  complicated  problems  of  oloud  macrophysioe  have 


been  muoh  less  studied.  The  formation  and  development  of 
joloude  is  determined  primarily  by  large*soale  air  ourrents, 


their  divergencies,  vertical  components,  turbulence,  eto. 
end,  in  pert,  by  the  processes  of  redietion  end  soettering  of 

radiation.  These  aeorosooplo  prooesses  ere  olosely  connected 

» 

with  those  oonsidered  by  synoptic  forecasters.  They  must  com¬ 
plete  their  prognosis  of  a  wind  pressure  field  (synoptlo  or 
hydrodynealo)  with  e  prognosis  of  the  developaent  of  oloud 
systems  end  preoipitetlon.  Precipitation  oan  be  regulated  and 
a  sufficient  amount  of  "artificial  rain"  oan  be  obtained  only 
If  the  prooess  of  regeneration,  the  prooeas  of  natural  restora¬ 
tion  of  a  cloud,  is  thoroughly  understood. 

Thus,  it  is  easy  to  see  that  the  next  ten  years  will  be 
a  period  of  widespread  maorophysieal  oloud  reeearoh,  experiment 
al  and  theoretical.  Moreover,  theory  will  often  lndioate 
the  subsequent  path  of  experimental  reeearoh,  the  method  of 
organising  it,  eto. 

To  help  solve  the  problems  involved,  1964-1965  has  been 

(ACT) 

designated  the  Ill-Union  Cloud  Tear  and  it  will,  fora  part  of 

(ms) 

the  program  for  the  International  Year  of  the  Quiet  Sun  C73 • 

The  organisation  of  these  observations  does  not  none  within 
the  scope  of  this  article,  but  it  is  obvious  that  the  scient¬ 
ific  plan  will  neoeasarily  refleot  in  the  best  way  possible 
the  major  problems  in  oloud  researoh  mentioned  above.  The 
following  will  help  to  improve  weather  forecasting  and  con- 


tribute  to  our  knowledge  of  method*  of  infivienoing  olouda «  1 

(1)  study  of  cloud  eyeteme  of  fronts  (iroluding  their 
oirrous  parte)  end  the  jet  stream) 

(2)  investigation  of  the  genesis  and  development  of  oon* 
veotive  olouda) 

(3)  rmeaveh  o*  etrmtif  em  elemi#  (Lmeladlmg  them  famed 

in  an  antts^iiene)! 

M  atetistleal  ebmafewl *  ttea  ef  the  altitudes  tad  amber 
of  eiovds  etf  different.  abapee) 

(5)  etudy  of  oloud  forme  and  systems  in  mountainous  regions) 

(6)  investigation  of  the  mloroetruoture  and  ohemioal  oom- 
positicn  of  condensation  nuolsi*  partiolsa  of  olouda  and  pre- 

e 

oipitation) 

(?)  observation  of  sleotrlo  and  cptlo  properties  of  olouda | 

(6)  clouds  over  ooeanc  and  large  bodies  of  water. 

Since  fronts  are  responsible  in  alnoet  all  olimatee  for 
moat  of  the  precipitation forecasting  of  frontal  oloud  systems 
is  highly  Important.  These  systems  are  often"ahorteaedn  while 
preserving  either  the  upper  part,  whloh  yields  very  little  pre¬ 
cipitation  (as  often  ooours  in  Central  Asia),  or  the  lower 
part  (A.  M.  Borovikov  C83).  "Models"  of  euoh  fronts  together 
with  the  oonditione  under  whloh  they  are  formed  ewaii ,  refine¬ 
ment.  Of  interest  from  the  standpoint  of  foreoasting  are  the  ' 


oloud  systems  of  the  jet  stream,  where  s  great  variety  of  1 

Ci,  Co,  As,  Ao,  and  other  olouds  ref loot  the  oonplex  types  of 
movement.  These  systems  have  been  little  studied,  although 
the  dynamic  properties  of  the  jet  stream  are  quite  familiar 
(of.  [93 )•  The  possibility  of  organising  observations  of 
oloudlnsas  of  the  "eastern  waves"  in  the  trade  winds  and 
of  olouds  in  the  intertropioal  oonvergenoe  zone  must  also 
be  considered  [103. 

The  theoretical  dynamic  patterns  of  fronts  have  already 
been  worked  out  in  the  Soviet  Union  for  the  "olassloal" 
frontal  pattern  [11,  12]  and  for  a  modified  pattern  where  the 
prinoipal  factor  in  condensation  is  the  turbulenoe  of  the 
layer  between  the  aurfaoe  of  a  front  and  the  tropopause 
[13,  1^3.  This  latter  model  also  accounts,  in  prlnoiple,  for 
the  appaaranoe  of  a  separate  upper  oloud  layer  above  the  frontal 
aurfaoe.  To  oheok  these  patterns  will  require  the  organisation 
of  observations  or  evaluations  of  the  vertical  movements  and 
turbulenoe  coefficient. 

Similar  to  these  observations  is  the  investigation  of 

oirrl,  la  whioh  earoful  observstten  together  with 

synoptio  investigation  [15,  16,  and,  in  particular,  173  reveals 

the  effects  of  general  asoenslonal  motion,  subinversion  tur* 

bulenoe,  oonveotion,  and  even  wavs  movements*  In  doing  so 
L&t  will  be  neoeeeary  to  distinguish  between  the  oondensatlon 


area  proper  in  a  cirrus  and  the  area  of  par£iole  precipitation 
(vir ga).  Thee*  observations  require  a  mere  ooraplex  technique! 
high-flying  aircraft,  improved  ralorophysioal  apparatue,  eto. 
However,  the  study  of  ice  clouds  is  extremely  important  sinoe 
their  partioles  may  serve  as  *eeedeH  in  the  formation  of  frontal 
precipitation.  The  possibility  of  Influencing  frontal  elouds 
should  also  be  studied,  i.e.,  the  possibility  of  artifioial 
redistribution  of  their  preoipitation  (for  example,  the  plan 
to  proteot  -large  citiee  from  snowfalls  and  drifts}. 

Systems  or  areas  of  oirri  are  also  of  interest  beoause 
these  are  the  clouds  that  are  chiefly  observed  from  satellites. 
They  are  oapable  of  influencing  radiation  of  the  earth,  ob¬ 
servations  of  terrestrial  radiation  and  temperatures  from 

h 

satellites,  etc. 

Convective  clouds,  including  thunderstorm  and  shower  oloude, 
are  a  souroe  of  great  danger  both  to  aviation  and  to  agrioulture. 
Hlnce  highly'  promising  methods  of  breaking  up  thunderstorm  olouds 
have  already  been  tested,  there  is  great  need  of  information 
on  the  structure  of  those  olouds,  their  microstructure  and  water 
content,  vextical  movements  at  different  stages  of  development, 
eto.  decent  miorosynoptio  investigations  Cl63  have  shown  that 
the  areas  of  hail  and  haavy  rain  are  complex  in  structure  and  they 
shift  in  complex  fashion.  Methods  are  now  available  for 


simultaneous  o boar vat ions  of  th*  notion  and  tharaal  struotura 
of  ooaveotive  oloude  [3,  193*  That a  hava  lad  to  tha  idaa  of 
medlun-eoale  (3-20  kn)  mtseepherio  aotiom  determining  tha 
oomveotion  fiald.  Hfv«*ver,  a  new  pattarn  or  "model"  of  a  oon- 
veoti ve  oloud  to  aeooumt  for  ita  known  eharaotariatioa  haa  dot 
aa  yet  baan  developed.  Tha  part  playad  by  "entrainment  of  air** 
tv oa  tha  aides,  asymmetry  of  iataraal  ourranta  in  a  oloud, 
downward  axtarnal  aotion,  "frlotiom"  of  an  aeoansional  ourrant 
agalnat  tha  surrounding  air,  ate.  atill  awaita  aluoldation. 

Vary  littla  information  la  available  on  tha  struoture  of  tha 
uppar  part  of  olouda,  tha  plaoa  where  tha  "anvil"  la  formad. 

For  comparison  with  futura  observations  from  satellites, 
it  la  vary  important  to  atudy  tha  relationship  between 
Ou  -  Cb  ays tana  and  wind  field,  shifting  of  winds,  area  of 
varganoiaa,  ato.  [20].  Ou  and  Cu  over  similar  broad  expanse a 
of  oossu  are  naturally  of  great  interest  for  tha  theory  of 
oonvaotion.  .Modern  thaoratloal  investigations  [21]  of  ooa- 
veotion  and  of  the  olouda  related  to  it  (dealing  with  both 
tha  actual  prooase  of  oloud  formation  and  tha  stationary, 
simpler  models  of  motion  developing  above  tha  condensation 
level)  are  highly  valuable  in  clarifying  tha  phenomena. 

Suoh  observations  are  also  neoesaary  for  tha  organisation 
of  observations  in  tha  case  of  level  or  broken  terrain  In 
Htolatien  to  tha  degree  of  instability  of  tha  troposphere,  sto. 


j'hotogrnmtr.etric  investigate au-i  of  the  formation  of  convective  j 
clouds,  their  delicate  structure,  development,  and  disintegra¬ 
tion  could  be  extreme!!'  useful.  It  is  occasionally  somewhat 
easier  to  observo  oonveotive  clouds  in  mountainous  regions 
where  they  are  sometimes  "tied"  to  certain  plaoes  and  do  not 
drift  nway  from  the  observer.  It  is  generally  known  that  radar 
has  made  a  m a,;or  contribution  to  the  study  of  convective  clouds 
and  efforts  to  modify  them.  The  primary  elements  of  convection 
discovered  by  radar  (called  "angels"  abroad  [ 2 2 j )  cannot  be 
seen  by  any  other  method.  They  probably  result  in  the  formation 
of  larger  ascensional  currents  and  clouds,  da-di elocution 
methods  of  jndgi n,,;  the  intensity  o'r>  turbulent  ration  [233  will 
undoubtedly  be  essential  in  studying  cumuli  and  other  cloud 
forms. 

Of  great  significance  in  forecasting  are  the  stratiform 
olouda,  sometimes  with  th*'  regular  undulating  form  (do),  some¬ 
times  without  it  (Jt),  which  are  mostly  formed  under  inversions. 
Th.?  theory  of  these  cioudc,  wnich  takes  into  account  turbulent 
mixing  in  the  subinversion  layer  and  the  adveotion  of  warm 
moist  air,  wa-  worked  out  by  b.  T.  K&tveyev  [1>j,  V.  J. 
lioihanr*  LiV]  and  (earlier)  by  K.  V.  Xlubovioh,  all  of  whom 
later  made  allowance  for  general  slow  vertical  motion.  Ye.  K. 
Peygel'son  C 5 -*  examined  the  influence  of  radiation  of  clouds 
^nd  absorption  of  solar  radiation  therein,  which  determine  not  onj^ 


I  the  details  of  thermal  stratification  in  a  cloud  and  the 
ocnveotive  processes  near  its  upper  boundary,  but  also  the 
prooesa  of  upward  growth  of  a  cloud  deok.  The  theory  of 
condensation  in  sueh  clouds  was  also  considered  by  N.  F, 
Bogdanova  and  H.  V.  3hvets  [24].  In  general,  this  type  of 
clouds  has  been  given  more  detailed  theoretical  study  than 
all  the  others  and  we  new  have  a  fairly  olear  idea  of  the 
dynamic  and  thermal  processes  that  take  place  ir  them,  Several 
experimental  investigations  made  by  the  author  [25*  26]  and 
one  made  by  him  jointly  with  K.  U.  Abramovich  [2?j  showed  that 
the  existing  theories  deeoribe  fairly  well  t'he  process  of 
forming  stratiform  clouds.  This  formation  is  controlled  by 
the  processes  of  turbulenoe,  which  '-.re  conveniently  character¬ 
ised  by  the  quantity  Hi,'  *nd  it  varies  with  the  slow  vertical 
motion*  The  peculiarities  of  the  boundary  layer (Bernhardt 
[26])  leave  some  imprint  on  these  clouds,  'hi ah  require’ 

more  comprehensive  study.  In  come  oases  the  turbulence  re- 

0 

quired  to  form  or  do  is  presumably  intensified  in  the 
boundary  layer  and  is  comparatively  weak  throughout  the  tropo¬ 
sphere  above  it  (Is.  \.  Vorontsov  has  deeoribed  examples  of 
such  distribution  of  turbulenoe). 

3tudy  of  tbs  forms  of  tht  uppsr  surfuos  of  cloud  decks 
(successfully  bsgun  by  A.  F.  Hspevitova  [28])  has  thrown  light 
ths  formation  of  olouds  under  the  influence  of  radiation 


>  VA* 


I  ooolin  •;  and  upw;» rd  dctuublli  nation  c!'  clouds  and  on  the  subae- 
quoin  .ieveioi»m»nt  of  convoctju::  arid  intensification  of  conden¬ 
sation.  In  addition,  the-  oorrolati on  noted  by  V,  3.  Kossharin 
between  the  distribution  of  the  water  content  of  a  cloud  and 
tnr  velocity  of  ordered  and  turbulent  motion  tl4J  will  facili¬ 
tate  the  use  of  micro physical  observations  to  determine  ac¬ 
curately  the  processes  that  may  predominate  in  a  given  case. 

Jynoptio  inv',.  tijations  of  clouds  an  well  as  calculations 
of  their  water  ooiitent  for  no  purpose  of  modifying  them  re¬ 
quire  a  detailed  climatological  (stutistioal)  analysis  of 
the  number,  altitude,  temperature,  ant!  other  characteristics 
of  different  cloud  forma.  Jpeoifionl ly ,  to  interpret  the 
photographs  of  clouds  taken  from  above,  it  iu  BtMUMjr  to 
make  oeperafc*?  <  mates  of  the  number  of  olouda  at  all ’three 
level  a .  Thin  require.:  hourly  estimates  of  the  number  of 
olouda  of  ail  forme,  observation  of  their  altitudes,  high¬ 
speed  photographing  of  the  entire  cloud,  and  observations  from 
sounding  airplanes  behind  the  upper-*!  loudo.  The  territory  of 
tiit*  lieviet  dnion  is  highly  vuried  in  thin  reopeot  -  from 

the  Jhite  :>a  area,  where  there  is  u  record  number  of  clouds 

• 

throughout  the  year  (the  mean  monthly  numbor  is  9),  to  the 
virtually  cloudless  Turkmenistan  and  Central; , a sia  in  general, 
where  oloudinefls  in  July  ’oomea  to  0. 2*0,4  bul  in  the  winter 
aprlns  displays  th«  #r*atosrfc  i* ty  fort* *  D* tailed 
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statistical  processing  of  ths  altitudes »  forms 9  and  number  of  I 
o loud a  separately  for  the  various  regions  in  1964-1965  should 
yield  a  very  comprehensive  description  of  the  olouds.  It  will 
probably  be  possible  to  find  statistical  methods  (this  idea 
has  already  been  applied  to  olioatology  by  3.  A.  3aposhnikova) 
of  reducing  such  "ultrashort"  series  of  observations  to  long 
ones  in  order  to  obtain  statistically  supported  olinatologioal 
data. 

The  great  variety  of  topography  in  the  Soviet  Union  provides 

exceptional  opportunities  for  observing  the  oloud  foras  of 

mountainous  regions  -  lee  waves,  lenticular  clouds,  banner  olouds, 

eto.  These  observations  are  particularly  valuable  in  that  they 

throw  light  (especially  If  aption  pictures  are  taken  or  tea*  wHm 

of  the  olouds  is  used  C30])  on  the  dynamic  processes  and  delloate 

structure  of  the  field  of  air  motion  over  mountainous  terrain* 

Of  praotioal  importance  too  are  observations  of  frontal  oloud 

systems  over  mountains,  sharpening  of  fronts,  development 

meanwhile  of  oloud  systems  both  in  thlokaeae  and  in  extent,' 

rainfall  intensification,  eto.  (of.  [31]).  The  advance  of  a 

cold  front  is  much  more  pronounced  in  mountainous  than  in 

plains  regions.  Convsotive  olouds  ovsr  mountains  also  have 

many  structural  peouliaritiss  [2].  Thty  disintegrate  rapidly 

if  they  originate  at  very  high  and  "oold"  levels t  oontrarlvlsa* 
i  r 

<  they  beoome  more  intense  under  ths  influence  of  rugged  terrain 


*»•  *««*>* 


I  and  untvsn  hatting  of  the  slope?  ( Cl>»  p.  1313)*  The a a  faaturaaj 
are  important  in  efforts  to  modify  clouds ,  for  they  indioata 
the  part  of  the  olouds  in  vhioh  to  introduoa  the  reagent  and 
the  method  to  be  used. 

We  pointed  out  several  time*  that  the  aiorostrueturo  (drop 
size  speetruoi  shape  and  sise  of  ory stela,  constituents  of  dif¬ 
ferent  orystals,  water  oontent,  condensation  nuclei)  of  olouds 
has  been  fairly  well  studied  in  recent  years,  Borovnikov 
Cl,  ohapter  2]  notes  that  aerologists',  mostly  in  the  Soviet 
Union,  have  made  a  major  contribution  to  this  field.  The  aloro- 
struoture  of  oirri  and  the  speotra  of  the  larger  (r-3C<£  200^».) 
drops  -  an  important  transitional  stage  to  rain  drops  -  has 
feeoelved  less  attention.  However,  micro physioists  are  con¬ 
fronted  with  a  much  more  important  problem,  that  relating  to 
the  theory  of  the  prooesses  of  drop  ooagulation  (Brownian, 
turbulent,  etc.  C333)  and  to  the  theory  of  the  propagation 
of  a  orystalllsation  front  in  a  cloud  C*0,  i.e.,  the  aaorosoop- 
io  theory  of  influencing  olouds.  Clearly,  experimental  veri¬ 
fication  of  the so  theories  in  the  near  future  will 
have  to  be  based  on  miorostruoture  observations •  It  will  be 
remembered,  however,  that  great  progress  was  made  in  the  Soviet 
Union  during  the  International  Geophysical  Tear  in  studying 
the  ohemietry  of  precipitation,  olouds  C343,  and  condensation 
Imtolel,  resulting  in  Soviet  eeleatlsta  gaining  the  leadership  _j 


^  in  this  field.  This  work  must  be  continued,  for  it 'provides 
highly  useful  information  on  the  origin  (sea,  Industry)  and 
properties  of  the  nuolei*  . 

There  is  no  doubt  that  the  process  of  preolpitation  forma- 
tlon  should  likewise  be  in  the  forefront  of-  attention  by  in¬ 
vestigators  in  the  IYQS.  Here  the  problems  oonneoted  with  the 
organization  and  plan  of  the  work  are  more  complicated  because 
it  is  not  a  question  of  systematie  network  observations, 
airplane  ascents,  radar  data,  etc.  but  of  individual  researoh 
based  on  different  ideas  involving  the  use  of  theoretical, 
laboratory,  and  other  methods-  It  is  difficult  to  draw  up 
a  work  plan  for  1964-1965,  the  i-vre  so  since  it  will  have  to 
take  into  aooount  ths  findings  of  foreign  solentiete  during 
the  next  one  or  two  years. 

Observations  on  the  optic  and  eleotrio  properties  of  olouds 
oonstitute  a  special  ohapter.  Although  the  most  raoent  work  T53 
has  mot  Mafirmod  ths  aid  hypeihaeia  of  Hefei  (T)  that  radiation 
by  haze  causes  a  marked  drop  in  temperature,  condensation,  and 
then  the  formation  of  a  oloud,  the  optio  properties  of  haze  -  . 
the  condensation  nuolei  -  should  be  studied  in  relation  to 
the  possible  composition  of  ths  partloles,  rslative  humidity, 
eto.  (This  has  bean  proposed  to  the  ACY  by  Tashkent  tfni  verity 
in  particular).  The  radiation  properties  of  olouds,  chiefly 
different  parts  of  the  infrared  speotrum,  require  detailed 


i  experimental  investigation,  now  that  the  theoretioal  founda-  '  j 
tiona  have  oaan  laid  (of.  above).  v/a  expeet  a  good  daal  of 
new  information  will  be  obtained  by  futura  weather  satellites 
on  the  forms,  temperatures,  altitudes,  and,  perhaps,  miero- 
structure  of  olouda.  The  Amerioan  Tiros  I  and  II  have  shown 
that  this  la  a  highly  premising,  approach.  A  weather  satellite 
would  not  fulfill  its  assignment,  if  it  vara  restricted  to 
simple  photographing  of  clouds. 

Little  sttentlon  was  paid  during  the  F&et  two  decades 
to  tho  eleotrio  properties  of  olouda  and  their  effect  on  con¬ 
densation  and  coagulation.  The  situation  has  now  changed , 
and  theories  have  been  advanced  on  the  oharging  of  small 

* 

drops  C35,  36]  and  on  the  interaction  and  ooagulatlon  of  in* 
dividual  charged  and  uncharged  drops  whioh  show  that  this 
sffsot  can  be  significant,  although  it  is  not  yet  dear  how 
it  "functions"  in  the  aggregation  of  drops  in  a  real  oloud. 

A  little  information  has  been  obtained  on  charges  of  different 
alts  drops  in  a  oloud  C373*  Then a  observations  ought  to  be 
expanded  (there  should  be  available  a  small  number  of  air¬ 
planes  for  this  purpose)  and  a  laboratory  oheok  made  to  de¬ 
termine  how  the  prooess  of  eleotrio  drop  ooagulatlon  takes 
place.  This  might  lead  to  the  elaboration  of  a  new  method 
(main  or  auxiliary)  for  treating  olouds,  long  the  dream  of 
tench  prominent  geophysicists  as  V.  N.  Obolenskiy. 

tH 
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Another  problem  whioh  night  be  approaohed  the  eaae  way 
(although  It  la  not  one  of  the  aaln  tasks  of  the  ACY)  is  the 
dlTlelon  of  a  oloud  into  area's  of  positively  and  negatively 
charged  drops,  l.e.,  the  structure  of  a  thunderetora  oloud 
and  the  origin  of  dlaohargea  therein).  These  observations 
should  also  be  taken  in  ouauloniabi*  Slnoe  the  latter  are 
dangerous  for  airplanes,  the  work  started  in  the  U.S.3.R.  to 
devise  an  eleotroradiosonde(of •  C38])  should  be  vigorously 
pushed  forward,  although  it  is  not  likely  to  be  widely  used  in 
the  near  future. 

The  IYQS  will  naturally  entail  the  developaent  of  aany 
new  aethode  of  observation,  partioularly  radio looat ion  (which 
now  enable  us  to  observe  the  aioroetruoture  a*  well  as  the 
turbulence  and  wnlered  notion  in  oloude)  and  photographio  neth- 

ods,  whioh  are  helpful  in  desotibing  oonveotion,  wave  prooesses, 

* 

effeot  of  aountains  on  currents  and  clouds,  eto.  The  aost 
dlffioult  to  develop  will  be  hethoch  of  observing  the  struoture 
of  oirrl  from  pressurised  airplanes  and  moisture  in  the  upper 
troposphere  and  stratosphere.  About  the  latter  we  still  know 
less,  perhaps,  than  we  do  about  the  ataospherio  ozone.  Here 
even  suoh  indirect  data  on  moisture  as  observations,  on  the 
dissemination  of  bands  of  cirri  (ban<h  of  gradually  evaporating 
crystals)  and  disintegration  of  condensation  traoes  behind 
LtdrplMM*  aay  be  useful. 


Thti  scope  o i  thin  article  'does  not  permit  ue  to  disoues 
in  greater  detail  the  organisation  of  observations  in  connection 
with  the  IYQS,  in  which  networks  of  ground  (including  mountain, 
ship,  and  arotlo)  and  aeorologloai  stations  will  have  to  take 
part*  It  is  easy  to  predict  that  the  airplane  will  be  the 
major  tool  of  the  ACY,  both  the  high-flying  plane  making  upper- 
air  or  horizontal  sound! age  and  the  ordinary  plane  with  an 
experienced  aerologist  aboard*  Investigations  of  characterist¬ 
ic  situations  (frontal  olcud  system* ,  extensive  layers  of  wave 
clouds,  convective  olouds)  will  often  require  high-speed  and 
"concentrated"  simultaneous  observations  by’ an  entire  network 
in  a  certain  region  for  several  days  at  a  signal  from  some 
synoptlo  center.  Following  the  example  of  the  IGY,  such  ob¬ 
servations  oan  be  oalled  "alerts". 

All  this  work,  as  already  noted,  will  serve  at  the  same 
time  as  the  Soviet  contribution  to  the  IYQ3  scheduled  for 
19o4-1965.  A  great  deal  of  serological  material  will  be 
collected  simultaneously  throughout  the  world  along  with 
observations  on  the  composition  of  the  atmosphere,  ozone,  eto., 
not  to  mention  Ionospheric  and  other  data.  This  new  mass  of 
geophysical  observations  will  be  another  important  addition 
to  our  knowledge  of  the  structure  of  the  tarth'e  atmosphere. 
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ST.-xTIaTIGAL  ClUOAOTilRIGTICS  OF  TICS  HORIZONTAL  COliPONliNT 
OF  wBID  VELOCITY  AT  ALTITUD3S  OF  6  TO  12  KM 

-USSR. 

/following  is  a  translation  of  an  article  by 
N.  z.  Pinus  of  the  Central.  Aerological  Obser¬ 
vatory  in  the  Russian-language  periodical  la¬ 
ves  tiya  Akademii  Nauk  SSSR,  Seriya  Geofizi- 
cTiesIcaya*  TFows  of  t?he  TScaS’eay r  of" Sciences  of 
the  USSR,  Geophysical  Series),  No.  1,  Moscow, 
January  1963,  pages  177-182;  the  original 
article  was  submitted  on  13  August  1962/ 

Abstract:  This  article  gives  the  results  of  ex¬ 
perimental  investigations  *  spatial  fluctua¬ 
tions  of  the  horizontal  component  of  wind  vel¬ 
ocity  at  altitudes  of  6  to  12  km,  the  correla¬ 
tion  coefficients  and  spectral  functions  and 
and  their  mathematical  approximation .  It  is 
shown  that  the  ’hiinus  5/3  law"  is  correct  for 
scales  of  horizontal  rotions  to  the  order  of 
several  tens  of  kilome  ars. 

.'ixperimen tal  investigations  of  the  frequency  char¬ 
acteristics  of  the  horizontal  component  of  wind  veloc¬ 
ity  have  been  made  until  now  primarily  in  the  surface 
layer  of  air.  Such  investigations  in  the  free  atmos¬ 
phere  involve  considerable  systematic  and  instrumental 
difficulties,  especially  in  the  upper  troposphere  and 
lower  stratosphere,  because  there  they  can  be  made 
only  on  aircraft  flying  at  great  velocity.  Moreover,  . 
the  use  of  acoustic  (sonic)  and  inclinometer-  vpe 
anemometers  is  at  this  time  possible  only  on  aircraft 
flying  at  a  velocity  of  up  to  250-300  km/hour. 

The  only  method  which  makes  it  possible  to  meas¬ 
ure  the  direction  and  velocity  of  the  horizontal  com- 
,  ponent  of  the  wand  with  sufficient  accuracy  during 
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flights  on  high-speed  aircraft  is  the  use  of  Doppler 
systems  in  combination  with  a  highly  precise  instrument 
recording  the  air  speed  of  the  aircraft.  Doppler  systems 
make  it  possible  with  a  high  degree  of  accuracy  to  deter¬ 
mine  the  air  speed  and  drift  of  the  aircraft.  isr  knowing 
these  values  it  is  possible  to  easily  compute  the  wind 
velocity  and  direction.  The  possibilities  of  this  method 
have  been  described  in  /l,  2/. 

By  using  the  aircraft  Doppler  set  in  combination 
with  the  aircraft  speed  indicator  the  author  obtained 
data  on  wind  velocity  and  direction  at  altitudes  of  6  to 
12  km,  measured  t.dth  due  accuracy,  at  points  in  space 
3  to  4  lem  distant  from  one  another. 

The  measuring  apparatus  was  installed  in  a  TU-104 
and  the  measurements  were  made  in  horizontal  flight  in 
"areas"  not  less  than  200  km  in  length.  :2xperimfintal 
flights  were  made  in  the  spring  of  1960  in  the  Far  2aat 
and  in  the  xdnter  of  1562  in  various  regions  of  the  tem¬ 
perate  latitudes  of  the  European  part  of  the  Soviet  Uhl¬ 
an.  .Daring  this  entire  period  a  total  of  115  experimental 
flights  (200-lcm  "areas")  were  successfully  made.  The  maj¬ 
ority  of  the  experimental  flights  were  at  altitudes  of 
9  to  10  km. 

The  observational  data  were  used  to  compute  the  stat¬ 
istical  characteristics  of  the  spatial  fluctuations  of 
the  horizontal  component  of  wind  velocity.  The  degree  of 
general  disturbance  of  the  field  of  wind  velocities  was 
estimated  using  the  generally  accepted  value 


where  u*  is  the  turbulent  pulsation  of  the  horizontal 
component  of  wind  velocity  and  u  is  the  mean  wind  veloc¬ 
ity*  for  the  "area". 

Computations  have  shown  that  at  altitudes  of  6  to 
12  1cm  and  with  tdnd  velocities  exceeding  50  to  60  km/hour 
the  value  t/  changes  in  rather  broad  limits.:  from  0.05  to 
0,30.  The  vertical  distribution  of  first  increases 
with  altitude  and  has  a  peak  in  the  atmospheric  layers 
7.5-8.5  and  9.5-10.5  km  and  then  rather  sharply  decreases. 

Of  equal  importance  was  the  determination  of  the 
correlation  and  spectral  characteristics  of  the  ap  **ial 
fluctuations  of  the  horizontal  component  of  wind  velocity 
at  altitudes  of  6  to  12  km.  The  computation  of  the  cor¬ 
relation  coefficients  when  the  pulsations  of  wind  velo- J 
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city  are  considered  as  a  stationary  randan  process 

K(Ar)  ».iTx»)’«rf*  +‘A*T  (2)  (2) 

uas  done  \n.th  a  ”HLnsk-i”  electronic  computer*  Experi¬ 
mental  standardized  correlation  coefficients  xjere  groun¬ 
d'd  by  altitude 3  and  then  averaged. 


Fig.  1.  Form  of  the  correlation  coefficient  Ii(A  x)  in 
scntilo garithnic  cor ru inr.tes 

Table  1 


AttKutt, 

KM 

•MVhr 

* 

a,  'o»-' 

ft. 

t- !  „ 

*M  * 

! 

?±0,5  H,0 
8±0,5  13,5 
9±0,5  10,8 
10±0,5  14,4 
l!±C,5j  8,2 

0,127  ktet7 

0,130  10,1034 
0,105  j0,1373 
0,195  lo, o.'se 
0,11010,1936 

1,19 

0,83 

0,94 

0,94 

4,16| 

5.5 

8.5 
7,2 

16,5 

5.1 

1.492 
1,574 
1 ,550 
1,869 
1,33? 

In  Fig.  1  the  dependence  In  TsC-\x)  and  Ax  is 
shown,  for  different  altitudes.  It  can  been  seen  that 
there  is  an  almost  rigorous  linear  dependence  between 
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these  values.  This  makes  it  possible  to  approximate  the 
experimental  standardized  correlation  coefficients  by 
the  expression 


R  (Ax)  —  —  otAs 


(3) 


Table  1  gives  the  mean  values  e<  end  Rq  computed  from 
the  data  in  Pig.  1. 

As  might  be  expected,  there  is  a  definite  dependence 
between  the  values  «  and  ^  (Pig*  2)t  with  an  increase 
of  disturbance  of  the  fielc  of  wind  velocities  there  is 
a  decrease  of  the  value#  ,  that  is,  the  correlation  co¬ 
efficient  • in  thie  ease  decreases  more  slowly  with  an  in¬ 
crease  of  &x. 


Tig.  2.  Jepcndence  of  the  value  c*  on  the  degree  of  disturb¬ 
ance  of  the  field  of  wind  velocities  (y  )• 

A  knowledge  of  the  value  <x  makes  it  possible  to  deter¬ 
mine  the  correlation  radius  for  the  stationary  random 
function  u*Cx),  that  is,  the  distance  £x  at  which  an  ap¬ 
preciable  correlation  is  maintained  between  the  values 
u*(x)  and  u*(x  ♦  &x).  The  values  (x)  and 

h>  a  &  »> 

are  given,  in  Table  1.  It  can  be  seen  that  even  on  an  aver¬ 
age  It.  can  attain  10  tn  13  1cm. 

The  mean  value  u,z  is  determined  by  the  contribution 
the  fluctuations  of  the  horizontal  component  of  wind _ j 
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velocity  of  different  frequencies.  In  dependence  on  the  I 
nature  of  the  field  of  fluctuations  the  determined  fre¬ 
quencies  will  make  the  maximum  contributions  and  thus  to 
a  considerable  degree  determine.  u*s  whereas  the  influ¬ 
ence  of  fluctuations  of  other  frequencies  will  be  insig¬ 
nificant.  This  can  be  seen  from  the  spectral  density  of 
energy  distribution  SUD»  being  a  Fourier  transform  for 
the  coz*relation  coefficient  R( Ax). 


Fig.  3.  Curves  of  the  standardized  spectral  density  for 
altitudes  of  6  to  12  Ion.  1  --  7,  2  —  8,  3  —  9,  4  —  10, 
5  —  11  km. 

It  follows  from  (3)  that  the  standardized  spectral 
density  of  energy  distribution  is 

m 

S( O)  -  JR  (As)  cos Q  Asd  (As) 

and  con  be  represented  in  the  form 


(5) 


S  (ft)  «*  i-  ^  Rf**  cos  Q  tkxd  (Ax) 


(6) 


where  i  is  spatial  angular  frequency,  in  our  computa¬ 
tions  measured  in  rad/tot. 


clouds 

de 


7i<- .  4^  Curves  of  spectral  density:  1  --  in  Cs 
with,  ti,  2  —  in  Ci  clouds  with  *2,  3  --  out  si 
clouds  with  ,  j  ^  . 

It  follows  from  (6)  that  the  standardised  spectral 
density  of  energy  distribution  for  the  horizontal  com¬ 
ponent  of  wind  velocity  is  defined  by  the  depression: 

sw-i^far  <7U 
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Fig,  3  shows  aurvos  of  the  standardized  spectral  1 
density  for  different  altitudes,  computed  by  using  (7), 

The  experimental  curves  i(Jb)  do  not  cover  the  part  of 
the  spectrum  for  the  high  frequencies.  This  is  the  re¬ 
sult  of  a  peculiarity  of  the  described  method  for  meas¬ 
urement  of  wind  velocity  and  direction  aboard  an  air¬ 
craft  equipped  with  a  .Oopnler  system. 

The  nature  of  the  curves  S(Jfl)  is  naturally  deter¬ 
mined  by  the  value  x  ,  With  a  decrease  of  <*  (increase  of 
W  }  in  the  spectrum  of  the  random  function  the  small  fre¬ 
quencies  assume  great  weight  and  the  curve  of  spectral 
density  is  extended  upward;  but  with  an  increase  of  <* 
(decrease  of  y),  on  the  other  hand,  the  curve  i3  flatten¬ 
ed.  . . ■ 

Graph  3  shows  that  change a  of  u*^  are  determined 
primarily  by  changes  in  the  contribution  of  fluctuations 
of  the  horizontal  component  of  wind  velocity  with  fre¬ 
quencies  fl  leas  than  ltr^-rad/km. 

An  analysis  of  Tig,  3  shows  that  there  is  the  follow¬ 
ing  approximate  dependence  between  the  spectral  density 
of  energy  distribution  S|(i1>  and  frequency  SI : 

SCfl)  (8) 

corresponding  to  the  Kc Ino go r o v- Obukhov  "2/3  lav/"  /3,4/ . 
Table  1  gives  the  me an  values  of  the  power  n  for  differ¬ 
ent.  altitudes.  .Since  the  scale  of  turbulent  motions  is 

L  »  —  (9) 

it  therefore  follows  that  the  "minus  5/3  lav?'*,  as  foll¬ 
ows  from  Fig,  3>  is  correct  for  the  horizontal  compon¬ 
ent  of  wind  velocity  with  scales  of  motion  to  the  order 
of  several  tens  of  kilometers. 

During  the  experimental  flights  there  wa3  in  souie 
cases  a  bumping  of  the  TU-104  aircraft,  most  commonly 
during  flights  within  or  directly  at  the  upper  boundary 
of  Go  clouds.  ‘The  bumping  of  the  aircraft  is  for  the 
most  part  caused  by  vert acal  gusts  of  air  of  atmospher¬ 
ic  disturbances  of  relatively  high  frequencies  /5f  6/. 

It  is  undoubtedly  of  interest  to  clarify . the  pecul¬ 
iarities  of  the  distribution  of  spectral  density  of 
fluctuations  of  the  horizontal  component  of  wind  velo¬ 
city  in  zones  of  the  atmosphere  in  which  aircraft  butap- 
ing  occurred*  At  the  rame  time  it  should  be  remembered 
that  in  a  cloudless  atmosphere  the  horizontal  extent  of  , 


r  -  “ 1 

1  zones  with  aircraft  bunping  is  5  to  6  tines  shorter  then ' 
the  length  of  the  "area"  which  we  selected  for  the  ex¬ 
perimental  flights.  The  latter  is  comparable  only  with 
the  cone  of  bumping  in  Os  olou&s. 

The  intensity  of  atmospheric  turbulence  cansing  the 
bumping  of  aircraft  was  estimated  from  the  soele  given 
in  Table  2* 

jumul 


Characteristics 
of  aircraft 
bumping 


Culm  flight 
Slight  bumping 
Moderate  bumping 
Strong  bumping 
Very  strong  (storm) 


Intensity  of 
turbulenoy 
in  units 


go 

as 

K 

6»4 


Range  of  inereaeee 
of  eiroraft  over¬ 
loads  in  fractions 
of  g  (9.81  n/aee*) 

<0.05 
0.05-0*20 
0.21-0.50 
0.51-1.00 
>  1.00 


Table  3 


Characteristics 
of  flight  con¬ 
ditions 

In  Ca  clouds 
Xn  Os  clouds 
Outside  clouds 


Intensity  y— rn- 
of  eir-  [u* 

craft  Va/hr 

bumping 
6?  13.8 

17.0 

6*  16.0 


x^km 


-1 


*0 


0.135  0.1891 
0.140  0.0500 
0.267  0.0245 


0.95  5.2 
1.02  20.0 
0.95  40.9 


This  table  shows  that  the  correlation  coefficient , 
when  there  is  moderate  bumping  of  the  TU-104  aircraft,  is 
characterized  by  a  smaller  value  of  the  power  *  than  in 
the  paae.  of  weak  bumping  of  the  aircraft.  The  values  u,z 
are  in  this  case  relatively  large. 

Fig.  4  shows  the  curves  of  spectral  density  for  cor¬ 
relation  coefficients  described  by  the  data  in  Teble  3. 

As  can  a  seen,  for  moderate  aircraft  bumping  the  curves 
S (XI)  -re  greatly  elongated  upward  in  the  region  of  small 
frequencies. 

The  data  cited  still  do  not  give  the  necessary  in¬ 
formation  on  the  relations  between  the  fluctuations  of 
ths  horizontal  and  vertical  components  of  wind  velooity 
at  altitudes  of  6  to  12  km.  We  will  investigate  this 
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problem  In  the  future.  ' 

In  conclusion  the  author  expresses  deep  gratitude  to 
M.  M.  Kirpiehev,  V.  I.  Cheroysh  end  L.  V.  Shcherbakova 
for  computations  made  on  the  "ilinsk-l"  electronic  comput¬ 


er. 
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